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CHEMIFLUORESCENT SUBSTRATE FOR 
PEROXIDE AND PEROXIDASE DETECTION 

This application claims priority from US. Provisional 
application Ser. No. 61/048,313, ?led Apr. 28, 2008. 
A composition, method, and kit for detecting and quanti 

tating reactive oxygen species. The composition comprises at 
least one chemical enhancer that increases a ?uorescent sig 
nal produced by a resoru?n derivative, such as a phenoxaZine, 
upon reaction With, for example, peroxidase in the presence 
of a peroxide source. 

Examples of resoru?n derivatives include 10-acetyl-3,7 
dihydroxyphenoxaZine (ADHP), 2,8-di?uoro-10-3,7-dihy 
droxyphenoxaZine, and 10-acetyl-phenoxaZine-3,7-diol 
diacetate. Further examples of resoru?n derivatives, includ 
ing ?uorinated resoru?n derivatives, are described in US. 
Published Patent Application No. 20050096315, Which is 
incorporated by reference herein in its entirety, and include 
2,8-di?uoro-3,7-dihydroxyphenoxaZine, 2,8-di?uoro-3,7, 
10-triacetylphenoxaZine, and 2, 8-di?uoro- 1 0-acetyl-3,7-di 
hydroxyphenoxaZine. In one embodiment, the composition 
detects peroxidase activity and/or peroxide, for example, in 
solution based assays such as enZyme linked immunosorbant 

assays (ELISA). 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the effect of the 10-acetyl-3,7-dihydroxyphe 
noxaZine (ADHP) substrate versus other substrates in a per 
oxidase assay. 

FIG. 2 shoWs the effect of other embodiments of theADHP 
substrate in a peroxidase assay. 

FIG. 3 shoWs the effect of various embodiments of the 
ADHP substrate versus other commercially available sub 
strates in a peroxidase assay. 

FIG. 4 shoWs one embodiment of the ADHP substrate in a 
sandWich ELISA assay. 

FIG. 5 shoWs the ?uorescence enhancement effects of 
other aZine enhancers combined With the ADHP substrate. 

Resoru?n, the structure of Which is shoWn beloW, is a 
highly ?uorescent compound With excitation and emission 
maxima of about 570 nm and 585 nm, respectively. 

N 

<1 n 1—0 0 o 

Resoru?n 
The resoru?n derivative 10-acetyl-3,7-dihydroxyphenox 

aZine (ADHP), the structure of Which is shoWn below 

0 

O OH 

is commonly used as a substrate for detecting and quantitat 
ing hydrogen peroxide (H202) or horseradish peroxidase 
(HRP). Another example of a resoru?n derivative is 
10-acetyl-phenoxaZine-3,7-diol diacetate, the structure of 
Which is shoWn beloW 
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roger 
Resoru?n derivatives, such as ADHP, react With hydrogen 
peroxide With a 1:1 stoichiometry to produce resoru?n. 
Resoru?n derivatives are used in combination With HRP to 
detect and quantitate H2O2 produced during enZyme-coupled 
reactions, or to detect H2O2 released from biological samples. 
As a substrate for peroxidases such as HRP, resoru?n deriva 
tives, such as ADHP, are used in combination With a peroxide 
source to detect and quantitate the amount of peroxidase 
present in an assay sample. 

Resoru?n derivatives can be used for detecting a Wide 
variety of analytes that produce peroxide or have peroxide 
activity. Resoru?n derivatives can be used to monitor acetyl 
cholinesterase activity or to detect acetylcholine; measure 
catalase activity, quantitate cholesterol; monitor galactose 
oxidase activity or detect galactose; detect glucose and moni 
tor glucose oxidase activity; detect glutamic acid or monitor 
glutamate oxidase activity; measure monoamine oxidase 
activity; monitor myeloperoxidase activity; monitor 
neuraminidase (sialidase) activity; monitor phosphatidylcho 
line-speci?c phospholipase C activity; monitor phospholi 
pase D activity, monitor phytase activity; monitor semicarba 
Zide-sensitive amine oxidase activity; monitor 
sphingomyelinase activity; detect uric acid or monitor uric 
acid activity; detect xanthine or hypoxanthine; and/or moni 
tor xanthine oxidase activity. 
The composition includes a chemical enhancer, such as an 

aZine. AZines can be used alone or in combination as the 
enhancer. AZines are classi?ed as any of various organic 
compounds, such as pyridine or pyrimidine, Which are a 
six-membered heterocyclic compounds that contains one or 
more atoms of nitrogen. In one embodiment, the enhancer is 
sodium phenothiaZine 10-yl propane sulfonate (NaPT). 
NaPT is described in US. Pat. Nos. 6,432,662 and 5,171 ,668, 
Which are incorporated by reference herein in their entirety. 

N 

Sodium phenothiaZine 10-yl propane sulfonate (NaPT) 
In one embodiment, the enhancer is sodium phenothiaZine 

10-yl propane sulfonate (N aPT). In one embodiment, the 
enhancer is 10-(3 -carboxy-n-propyl) phenothiaZine (CPPT). 
In one embodiment, the enhancer is sodium phenoxaZine 
10-yl propane sulfonate (N aPX). AZines, including any of 
those disclosed in US. Pat. No. 5,171,668, or any of the 
Water-soluble aZines disclosed in US. Pat. No. 6,432,662, or 
combinations of aZines, may be used as enhancers. Examples 
of Water soluble aZines to be used as enhancers are the 3-(With 
non-10-H) and 10-alkysulfonates phenothiaZine and phenox 
aZine derivatives. The alkyl groups contain 1-12 carbon atoms 
that can be the same or different. Water soluble aZines can be 
synthesiZed by methods knoWn by a person of ordinary skill 
in the art using commercially available phenoxaZine or phe 
nothiaZine. In one embodiment, the enhancer is selected from 
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ridylphenoxaZine-10-yl-propylsulfonate, 3 ,8 
diethylpyridylphenoxaZine-10-yl-propylsulfonate, 6,8 - 
diethylpyridylphenoxaZine-1 O-yl-propylsulfonate, 
3 -propylpyridylphenoxaZine-10-yl-propylsulfonate, 6-pro 
pylpyridylphenoxaZine-10-yl-propylsulfonate, 8-propylpy 
ridylphenoxaZine-10-yl-propylsulfonate, 3 ,6-dipropylpy 
ridylphenoxaZine-10-yl-propylsulfonate, 3 ,8 
dipropylpyridylphenoxaZine-10-yl-propylsulfonate, 6,8 
dipropylpyridylphenoxaZine-10-yl-propylsulfonate, 
3 -butylpyridylphenoxaZine-10-yl-propylsulfonate, 6 -bu 
tylpyridylphenoxaZine-10-yl-propylsulfonate, 8-butylpy 
ridylphenoxaZine-10-yl-propylsulfonate, 3 ,6 -dibutylpy 
ridylphenoxaZine-10-yl-propylsulfonate, 3 ,8 
dibutylpyridylphenoxaZine-10-yl-propylsulfonate, 6,8 - 
dibutylpyridylphenoxaZine- 10-yl-propylsulfonate, 
3 -chloropyridylphenoxaZine-10-yl-propylsulfonate, 6-chlo 
ropyridylphenoxaZine-10-yl-propylsulfonate, 8-chloropy 
ridylphenoxaZine-10-yl-propylsulfonate, 3 -bromopy 
ridylphenoxaZine-10-yl-propylsulfonate, 
6-bromopyridylphenoxaZine-10-yl-propylsulfonate, 8-bro 
mopyridylphenoxaZine- 1 O-yl-propylsulfonate, N-methylpy 
ridylphenothiaZine, N-ethylpyridylphenothiaZine, N-propy 
lpyridylphenothiaZine, sodium pyridylphenothiaZine- 1 O-yl 
propanesulfonate, sodium pyridylphenothiaZine-10-yl-2,4 
dimethyl-1 ,3 -butadienesulfonate, 
3 -methylpyridylphenothiaZine-1 O-yl-propylsulfonate, 6 -me 
thylpyridylphenothiaZine-1 O-yl-propylsulfonate, 8 -meth 
ylpyridylphenothiaZine-10-yl-propylsulfonate, 3, 6-dimeth 
ylpyridylphenothiaZine-10-yl-propylsulfonate, 3 ,8 
dimethylpyridylphenothiaZine-1 O-yl-propyl sulfonate, 6,8 - 
dimethylpyridylphenothiaZine-1 O-yl-propyl sulfonate, 
3 -ethylpyridylphenothiazine-1 O-yl-propylsulfonate, 6-eth 
ylpyridylphenothiaZine-10-yl-propylsulfonate, 8-ethylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,6 -diethylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,8 
diethylpyridylphenothiaZine-10-yl-propylsulfonate, 6,8 
diethylpyridylphenothiaZine-1 O-yl-propyl sulfonate, 
3 -propylpyridylphenothiaZine-10-yl-propylsulfonate, 6-pro 
pylpyridylphenothiaZine-10-yl-propylsulfonate, 8-propylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,6-dipropylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,8 - 
dipropylpyridylphenothiaZine-10-yl-propylsulfonate, 6,8 
dipropylpyridylphenothiaZine-10-yl-propylsulfonate, 
3 -butylpyridylphenothiaZine-10-yl-propylsulfonate, 6-bu 
tylpyridylphenothiaZine-10-yl-propylsulfonate, 8-butylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,6 -dibutylpy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 3 ,8 - 
dibutylpyridylphenothiaZine-10-yl-propylsulfonate, 6,8 
dibutylpyridylphenothiaZine-10-yl-propylsulfonate, 
3 -chloropyridylphenothiaZine-10-yl-propylsulfonate, 
6-chloropyridylphenothiaZine-10-yl-propylsulfonate, 
8-chloropyridylphenothiaZine-10-yl-propylsulfonate, 3 -bro 
mopyridylphenothiaZine-10-yl-propylsulfonate, 6 -bromopy 
ridylphenothiaZine-1 O-yl-propylsulfonate, and 8-bromopy 
ridylphenothiaZine-1 O-yl-propylsulfonate, 
N-methyldipyraZinophenoxaZine, N-ethyldipyraZinophe 
noxaZine, N-propyldipyraZinophenoxaZine, sodium 
dipyraZinophenoxaZine-10-yl-propanesulfonate, sodium 
dipyraZinophenoxaZine-1 0-yl-2, 4 -dimethyl -1 ,3 -butadiene 
sulfonate, 3 -methyldipyraZinophenoxaZine-10-yl-propylsul 
fonate, 6-methyldipyraZinophenoxaZine-10-yl-propylsul 
fonate, 3, 6-dimethyldipyraZinophenoxaZine- 1 O-yl 
propylsulfonate, 3 -ethyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 6-ethyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 3, 6-diethyldipyraZinophenoxaZine- 1 O-yl 
propylsulfonate, 3 -propyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 6-propyldipyraZinophenoxaZine-10-yl 
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8 
propylsulfonate, 3,6-dipropyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 3 -butyldipyraZinophenoxaZine-10-yl-pro 
pylsulfonate, 6 -butyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 3,6-dibutyldipyraZinophenoxaZine-10-yl 
propylsulfonate, 3 -chlorodiyraZinophenoxaZine-10-yl 
propylsulfonate, 6-chlorodipyraZinophenoxaZine-10-yl 
propylsulfonate, 3-bromodipyraZinophenoxaZine-10-yl 
propylsulfonate, 6-bromodipyraZinophenoxaZine-10-yl 
propylsulfonate, N-methyldipyraZinophenothi aZine, 
N-ethyldipyraZinophenothi aZine, N-propyldipyraZinophe 
nothiaZine, sodium dipyraZinophenothiaZine-10-yl-propane 
sulfonate, sodium dipyraZinophenothiaZine-10-yl-2,4-dim 
ethyl-1 ,3 -butadienesulfonate, 
3 -methyldipyraZinophenothiaZine- 1 O-yl-propylsulfonate, 
6-methyldipyraZinophenothiaZine- 1 O-yl-propylsulfonate, 
3 ,6 -dimethyldipyraZinophenothiaZine-1 O-yl-propyl sul - 
fonate, 3 -ethyldipyraZinophenothiaZine-10-yl-propylsul 
fonate, 6 -ethyldipyraZionphenothiaZine-10-yl-propylsul 
fonate, 3, 6-diethyldipyraZinophenothiaZine- 10-yl 
propylsulfonate, 3 -propyldipyraZinophenothiaZine-10-yl 
propylsulfonate, 6 -propyldipyraZinophenothiaZine-10-yl 
propylsulfonate, 3, 6-dipropyldipyraZinophenothiaZine- 1 0 
yl-propyl sulfonate, 3 -butyldipyraZinophenothiaZine- 10-yl 
propylsulfonate, 6 -butyldipyraZinophenothiaZine-10-yl 
propylsulfonate, 3,6-dibutyldipyraZinophenothiaZine-10-yl 
propylsulfonate, 3 -chlorodipyraZinophenothiaZine-10-yl 
propylsulfonate, 6-chlorodipyraZinophenothiaZine-10-yl 
propylsulfonate, 3 -bromodipyraZinophenothiaZine-10-yl 
propylsulfonate, 6-bromodipyraZinophenothiaZine-10-yl 
propylsulfonate, and combinations thereof. 

In one embodiment, the composition comprises an 
enhancer in combination With at least one of a nucleophilic or 
organic base catalyst and an imidaZole (IM). In one embodi 
ment, the organic base catalyst is dimethylaminopyridine 
(DMAP). In one embodiment, the imidaZole is 2-methylimi 
daZole, 4-methylimidaZole. 

I / CH3 
N N 

CH3 

/ 

2-(dimethylamino)pyridine (DMAP) 

2-methylimidaZole (2-MIM) 
In one embodiment, the aZine is present in the chemi?uo 

rescent assay mixture at a concentration from about 0.1 mM 
to about 10 mM. 
An example of nucleophilic or organic base catalyst 

includes dimethylaminopyridine (DMAP). In one embodi 
ment, the nucleophilic or organic base catalyst is present in 
the chemi?uorescent assay mixture at a concentration from 
about 1 mM to about 20 mM. 

ImidaZole (IM) is a heterocyclic aromatic organic com 
pound having the formula C3H4N2 and forms a class of com 
pounds knoWn as imidaZoles With a similar ring structure as 
the parent compound but Varying substituents. Examples of 
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imidaZole compounds include 2-methyl imidaZole and 4-me 
thyl imidaZole. In one embodiment, the imidaZole is present 
in the chemi?uorescent assay mixture at a concentration from 
about 1 mM to about 20 mM. 

In one embodiment, a kit includes an enhancer, a nucleo 
philic and/or organic base catalyst, and/or an imidaZole, a 
resoru?n derivative, a peroxide source, and a buffer solution. 
In one embodiment, the buffer solution maintains the pH 
betWeen about pH 6 to about pH 9. Examples of buffers 
include, but are not limited to, tris(hydroxymethyl)methy 
lamine (tris), phosphate buffered saline (PBS), and borate 
buffers. 

In one embodiment, a method is provided that detects and 
quantitates reactive oxygen species and their production, for 
example, peroxide and peroxidase activity. In one embodi 
ment, peroxide and peroxidase activity are detected and quan 
titated using a resoru?n derivative as a substrate. In one 
embodiment, the method comprises incubating a peroxidase 
With a resoru?n derivative along With a chemical enhancer, 
and at least one of a nucleophilic and/ or organic base catalyst 
or an imidaZole. In one embodiment, the method results in an 
increased production of the chemi?uorescent molecule 
resoru?n. 

In one embodiment, the chemi?uorescent assay comprises 
10-acetyl-3,7-dihydroxyphenoxaZine (ADHP) at a concen 
tration from about 10 uM to about 100 uM; sodium phenothi 
aZine 10-yl propane sulfonate (aZine, NaPT) at a concentra 
tion from about 0.1 mM to about 10 mM; dimethylamino 
pyridine (DMAP) at a concentration from about 1 mM to 
about 20 mM; a peroxide source, such as hydrogen peroxide 
or sodium perborate, at a concentration from about 1 mM to 
about 20 mM; in an aqueous buffer at a pH from about 6 to 
about 8, such as tris buffered saline (TBS) or phosphate 
buffered saline (PBS) and dimethyl sulfoxide (to dissolve the 
ADHP). 

The folloWing examples further illustrate embodiments of 
the use of the composition and/ or kit. 

EXAMPLE 1 

The composition comprising NaPT and DMAP enhanced 
the ?uorescent product (resoru?n) generated by the ADHP 
reaction With HRP, in the presence of a peroxide source, as 
shoWn in FIG. 1. 

Various commercially available substrate solutions Were 
prepared according to manufacturers instructions. The 
enhanced ADHP substrate Was prepared by dissolving 6 mM 
NaPT and 5 mM DMAP in the ADHP (Amplex Red® 
reagent, Invitro gen) substrate solution. The substrates, NaPT/ 
DMAP enhanced ADHP substrate, Amplex Red® reagent, 
Amplex UltraRed® reagent (Invitrogen), and SensoLyte® 
ADHP (AnaSpec) Were added to the Wells of a black 96 Well 
microplate. A standard curve of biotinylated horseradish per 
oxidase (B-HRP) Was prepared in TBS so that the ?nal con 
centrations added to the Wells of the plate Were 100 pg, 33.3 
pg, 11.1 pg, 3.07 pg, 1.23 pg, 0.41 pg, and 0.14 pg. The 
B-HRP dilutions and a TBS blank Were added to the Wells of 
the plate and incubated for ?ve minutes. The ?uorescence 
production Was measured using a Tecan Sa?re Fluorometer 
With excitation at 560 nm and emission at 590 nm. 
As shoWn in FIG. 1, the results shoW an increase in signal 

intensity of as much as 90 fold using NaPT/DMAP enhanced 
ADHP, depending on the HRP concentration and With back 
ground subtracted. 

EXAMPLE 2 

The composition comprising NaPT and DMAP or NaPT 
and IM enhanced the ?uorescent product (resoru?n) gener 
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10 
ated by the ADHP reaction With HRP, in the presence of a 
peroxide source, as shoWn in FIG. 2. 
TheAmplex Red® substrate solution Was prepared accord 

ing to manufacturers instructions. The NaPT/DMAP 
enhanced ADHP substrate Was prepared by dissolving 6 mM 
NaPT and 5 mM DMAP in the Amplex Red® substrate solu 
tion. The NaPT/IM enhanced substrates Were prepared by 
adding 6 mM NaPT to the Amplex Red® substrate solution in 
combination With one of the folloWing: 5 mM 2-methyl imi 
daZole (2MIM), 10 mM 2MIM, 5 mM 4-methyl imidaZole 
(4MIM) or 10 mM 4MIM. The substrates Were added to the 
Wells of a black 96 Well microplate. A standard curve of 
biotinylated horseradish peroxidase (B-HRP) Was prepared 
in tris buffered saline (TBS) so that the ?nal concentrations 
added to the Wells ofthe plate Were 100 pg, 20 pg, 4 pg, and 
0.8 pg. The B-HRP dilutions and a TBS blank Were added to 
the Wells of the plate and incubated for one minute. The 
?uorescence production Was measured using a Tecan Sa?re 
Fluorometer With excitation at 560 nm and emission at 590 
nm. 

As shoWn in FIG. 2, the results shoW an increase in signal 
intensity using enhanced ADHP containing either NaPT/ 
DMAP or NaPT/1M, depending on the HRP concentration. 

EXAMPLE 3 

The NaPT/DMAP enhancer system Was tested for its abil 
ity to improve the ?uorescent signal production of both 
Amplex Red® substrate and Amplex UltraRed® substrate in 
a microplate assay With B-HRP. 
The Amplex Red® reagent and Amplex UltraRed® 

reagent substrate solutions Were prepared according to manu 
facturers instructions. The enhanced versions of both sub 
strates Were prepared by dissolving 6 mM NaPT and 5 mM 
DMAP in the Amplex Red® reagent and Amplex UltraRed® 
reagent substrate solutions. The substrate solutions Were 
added to the Wells of a black 96 Well microplate. A standard 
curve of B-HRP Was prepared in TBS so that the ?nal con 
centrations added to the Wells of the plate Were 20 pg, 4 pg, 
0.8 pg, 0.16 pg, and 0.032 pg. The B-HRP dilutions and a TBS 
blank Were added to the Wells of the plate and incubated for 15 
minutes. The ?uorescence production Was measured using a 
Tecan Sa?re Fluorometer With excitation at 560 nm and emis 
sion at 590 nm. 
As shoWn in FIG. 3, the enhancer composition caused an 

increase in signal production When added to both Amplex 
Red® reagent and Amplex UltraRed® reagent, With the 
improvement as much as 20-fold depending on the HRP 
concentration. 

EXAMPLE 4 

As says are conducted as in Examples 1-3 except the chemi 
cal enhancer is carboxypropylphenothiaZine (CPPT). 

EXAMPLE 5 

As says are conducted as in Examples 1-3 except the chemi 
cal enhancer is N-(4-sulfo phenyl) phenothiaZine. 
The composition may be used in a number of assay con 

?gurations. 

EXAMPLE 6 

Plate based assay With biotinylated HRP (B-HRP) in solu 
tion (screening assay) 
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A standard curve of B-HRP is prepared in a dilution buffer 
such as TBS or PBS. The substrate solution, for example, a 
resoru?n derivative, is prepared and added to the Wells of an 
opaque 96-Well microplate, along With a chemical enhancer 
and a nucleophilic or organic base catalyst and/or an imida 
Zole. 
B-HRP dilutions are added to the Wells of the plate in 

duplicate or triplicate for each substrate formulation so that 
the ?nal B-HRP concentrations in the Wells are in the loW 
picogram range. A typical standard curve may be; 100 pg, 20 
pg, 4 pg, 0.8 pg, 0.16 pg, 0.032 pg, and 0.0064 pg ofB-HRP. 
The diluent buffer is added to duplicate or triplicate Wells as 
a blank. 

The plate containing the chemi?uorescent substrate(s) is 
then read on a plate based ?uorometer With the proper exci 
tation and emission Wavelengths, for example, 560 nm and 
590 nm, respectively. The plate(s) is typically read repeatedly 
over time, for example, every 30 seconds or every one minute, 
to determine the kinetic characteristics of the substrate/HRP/ 
peroxide reaction. 

The ?uorescent intensity, sensitivity and linearity over 
time are compared. 

EXAMPLE 7 

Plate based assay With biotinylated HRP (B-HRP) bound 
to streptavidin (SA). 
A standard curve of B-HRP is prepared in a dilution buffer 

such as TBS or PBS. 

B-HRP dilutions are added to the Wells of an opaque 
streptavidin coated microplate in duplicate or triplicate so 
that the ?nal B-HRP concentrations are in the loW picogram 
range. A typical standard curve may be; 100 pg, 20 pg, 4 pg, 
0.8 pg, 0.16 pg, 0.032 pg, and 0.0064 pg of B-HRP. The 
diluent buffer is added to duplicate or triplicate Wells as a 
blank. 

The plate is incubated for 30 minutes and then Washed With 
Wash buffer. 

Substrate solutions, for example, a resoru?n derivative, are 
prepared and added to the Wells of the Washed microplate, 
along With a chemical enhancer and a nucleophilic or organic 
base catalyst and/or an imidaZole. 

The plate containing the chemi?uorescent substrate(s) is 
then read on a plate based ?uorometer With the proper exci 
tation and emission Wavelengths, for example, 560 nm and 
590 nm, respectively. The plate(s) is typically read repeatedly 
over time, for example, every 30 seconds or every one minute, 
to determine the kinetic characteristics of the substrate/HRP/ 
peroxide reaction. 

The ?uorescent intensity, sensitivity and linearity over 
time are compared. 

EXAMPLE 8 

SandWich ELISA assay 
An opaque 96-Well microplate is coated With an antibody 

(capture antibody) speci?c for an antigen of interest and then 
the plate is blocked With a protein blocking buffer. 
A standard curve of a recombinant protein (antigen) is 

prepared in an appropriate dilution buffer and added to the 
Wells of the capture plate and incubated one hour at room 
temperature or overnight at 20 C.-8° C. 

The plate is Washed With a Wash buffer (TBS/0.05% TWeen 
20). 
A biotinylated antibody (detection antibody) is then added 

to the Wells of the plate and incubated for 1 hour at room 
temperature or overnight at 20 C.-8° C. The plate is Washed 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
again. A dilution of HRP conjugated streptavidin is prepared 
and added to all the Wells of the plate and incubated for 30 
minutes at room temperature. The plate is Washed again. 
The substrate solution(s), for example, resoru?n deriva 

tive, are prepared and added to the Wells, along With a chemi 
cal enhancer and a nucleophilic or organic base catalyst and/ 
or an imidaZole. 

The plate containing the chemi?uorescent substrate(s) is 
then read on a plate based ?uorometer With the proper exci 
tation and emission Wavelengths, for example, 560 nm and 
590 nm, respectively. 
The plate(s) is typically read repeatedly over time, for 

example, every 30 seconds or every one minute, to determine 
the kinetic characteristics of the substrate/HRP/peroxide 
reaction. 
The ?uorescence intensity, sensitivity and linearity over 

time are compared. 

EXAMPLE 9 

The NaPT/DMAP enhancer system Was compared to 
Amplex® Red reagent and Amplex® UltraRed reagent in a 
SandWich ELISA using the procedure outlined in Thermo 
Scienti?c, Human Interferon gamma (hIFNy) ELISA Kit 
(Product #EHIFNG) instructions. A standard curve of recom 
binant hIFNy Was used as the samples. Both the colorimetric 
and ?uorescent signals Were measured. Amplex® Red 
reagent and Amplex® UltraRed reagent substrate Working 
solutions Were prepared according to the manufacturers 
instructions. NaPT (3 mM) and 5 mM DMAP Were dissolved 
in TBS buffer pH 7.4 With 100 uM ADHP and 4 mM perbo 
rate. The substrate solutions Were added to the Wells of the 
plate and after a 15 minute incubation the colorimetric signal 
Was read using a Tecan Sa?re multimode reader With absor 
bance at 572 nm (FIG. 4). The same plate Was read for 
?uorescence signal at 560/590 nm (FIG. 4). As shoWn in FIG. 
4, ADHP With NaPT/DMAP enhancer system outperformed 
Amplex® Red substrate and Amplex® Ultra Red HRP sub 
strate. The detection range of recombinant hIFNy using colo 
rimetric detection of absorbance at 572 nm Was 4-2500 pg/ml 
for the NaPT/DMAP enhanced substrate. Amplex®Red sub 
strate and Amplex UltraRed substrate Were able to detect a 
range from 100-2500 pg/ml and 20-2500 pg/ml, respectively, 
of recombinant hIFNy. The ?uorescent signal Was also more 
intense With the NaPT/DMAP enhanced ADHP system When 
compared to both Amplex® Red substrate and Amplex® 
UltraRed substrate. The ?uorescent detection range for 
NaPT/DMAP enhanced ADHP Was 0.16-2500 pg/ml of 
recombinant hIFNy. Amplex® Red substrate and Amplex® 
UltraRed substrate both detected in the range of 4-2500 p g/ ml 
of recombinant hIFNy. 

EXAMPLE 10 

CPPT and NaPX Were tested in combination With DMAP 
to determine their effectiveness as enhancers of resoru?n 
production from the reaction of ADHP With HRP. A standard 
curve of B-HRP Was prepared in TBS buffer so that the ?nal 
concentrations added to the Wells of the plate Were 1000 pg, 
333.3 pg, 111.1 pg, 37.0 pg, 12.3 pg, 4.1 pg, and 1.4 pg. The 
B-HRP dilutions and a TBS buffer blank Were added to the 
Wells of a black 96 Well neutravidin coated microplate. The 
plate Was incubated for 1 hour to alloW the B-HRP time to 
bind to the neutravidin and then Washed With TBS buffer. The 
enhanced ADHP substrates Were prepared by dissolving 3 
mM CPPT and 5 mM DMAP or 3 mM NaPX and 5 mM 
DMAP in TBS Buffer With 100 uM ADHP and 4 mM perbo 
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rate. The substrates Were added to the Wells of the plate and 
incubated for 10 minutes. The ?uorescence production Was 
measured using a Tecan Sa?re Fluorometer With excitation at 
560 nm and emission at 590 nm. 
As shoWn in FIG. 5, both the enhancer compositions 

caused an increase in signal production When added to a 
substrates solution containing ADHP. 

Other variations or embodiments Will also be apparent to 
one of ordinary skill in the art from the above ?gures, descrip 
tion, and examples. Thus, the foregoing embodiments are not 
to be construed as limiting the scope of the folloWing claims. 
What is claimed: 
1. A kit for detecting analytes that produce peroxide or 

exhibit peroxidase activity, the kit comprising 
a resoru?n derivative l0-acetyl-3,7-dihydroxyphenox 

aZine (ADHP), 
a chemical enhancer sodium phenothiaZine lO-yl propane 

sulfonate (NaPT), 
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an organic base catalyst dimethylaminopyridine (DMAP) 

and/or a 2-methyl imidaZole, 
a peroxide source, and 
a buffer solution, 
Wherein the kit provides reagents for the detection of ana 

lytes that produce peroxide or peroxide activity. 
2. The kit of claim 1 further comprising at least one of 

horseradish peroxidase (HRP), HRP conjugated streptavidin, 
or HRP conjugated antibodies. 

3. The kit of claim 1 Wherein the peroxide source is selected 
from the group consisting of hydrogen peroxide, urea perox 
ide, perborate and combinations thereof. 

4. The kit of claim 1 Wherein the buffer is selected from the 
group consisting of tris buffer saline, phosphate buffered 
saline, and combinations thereof. 


